The aim of the study is an expanded molecular phylogenetic analysis of the Holarctic taxa traditionally classified to the families Lophoziaceae, Scapaniaceae, Gymnomitriaceae and Jungermanniaceae. Also we will provide a justification of some nomenclatural changes suggested recently by Konstantinova & Vilnet (2009) . The nuclear ITS1-2 and chloroplast trnL-F DNA sequences of 134 taxa (189 samples) from suborders Jungermanniineae and Cephaloziineae were analyzed. The topologies of phylogenetic trees constructed from combined sequences by maximum parsimony and Bayesian methods are congruent. The separation of family Diplophyllaceae from Scapaniaceae is not supported. The recently described family Solenostomataceae appears to be paraphyletic: the genus Nardia is in a sister relation to Gymnomitriaceae. The inclusion of the genus Isopaches in the family Anastrophyllaceae is questionable. Position of Obtusifolium and Protolophozia elongata in Scapaniaceae is not strongly supported. Phylogenetic relations within the genus Scapania are not fully resolved, but monophyly of sections Undulatae and Calcicolae is supported. Species assigned by some authors to a separate genus Scapaniella are scattered in different clades of the genus Scapania. Macrodiplophyllum imbricatum and M. plicatum can either be treated as Douinia or all these taxa included in Scapania. The distribution of species from the family Gymnomitriaceae on phylogenetic trees is congruent with the level of development or reduction of the perianth and perigynium. Taxonomically the species of Marsupella with reduced perianth are referred to Gymnomitrion, whereas the species called G. apiculatum that has a distinct perianth is transferred to Marsupella. The species status for Scapania tundrae, S. paludosa, S. crassiretis and Marsupella aquatica is supported. Genera Lophozia s.str., Schistochilopsis, Tritomaria, Protolophozia, Orthocaulis and Crossogyna are polyphyletic. The data support segregation of the recently described genera Pseudotritomaria, Heterogemma, Lophoziopsis, Pseudolophozia, Schljakovianthus, Schljakovia and Biantheridion.
INTRODUCTION
Families Scapaniaceae Mig., Gymnomitriaceae H. Klinggr. and Jungermanniaceae Reichenb. (including Lophoziaceae Cavers) were for a long time treated in suborder Jungermanniineae R.M. Schust. (Schuster, 1984) . However Schuster (1966) wrote, "the suborder Jungermanniineae is the most difficult of the groups of Jungermanniales H. Klinggr. to circumscribe, perhaps because it is "still heterogeneous". One of the largest families, Lophoziaceae, was distinguished as a distinct one by Schuster (1969) , Kitagawa (1965 Kitagawa ( , 1966 , Schljakov (1980) and Grolle & Long (2000) or it was included in Jungermanniaceae (Schuster, 1984; Grolle, 1983) . Results of modern molecular phylogenetic studies were mainly unexpected but allowed to clarify relation within this group. Both suborder Jungermanniineae sensu Schuster (1984) and many families and genera were shown to be polyphyletic (Davis, 2004; Yatsentyuk et al., 2004; Heinrichs et al., 2005; Forrest et al., 2006; He-Nygren et al., 2006; Hentschel et al., 2007) . Taxa that were previously treated in the family Jungermanniaceae, are classified now in suborders Jungermanniineae and Cephaloziineae Schljakov (Crandall-Stotler et al., 2009) .
Solenostoma Mitt., Plectocolea (Mitt.) Mitt. and Nardia Gray were excluded from the Jungermanniaceae s. str. and combined in a new family Solenostomataceae Stotler & Crand.-Stotl. in suborder Jungermanniineae (Crandall-Stotler et al., 2009) . Heinrichs et al. (2005) suggested to include family Lophoziaceae into Scapaniaceae and He-Nygren et al. (2006) transferred the latter taxon into suborder Cephaloziineae. The genus Jamesoniella (Spruce) F. Lees s. lat. was transferred from Jungermanniaceae to the Jamesoniellaceae (He-Nygren et al., 2006) or to the Adelanthaceae (Joerg) Grolle subfam. Jamesonielloideae (De Roo et al., 2007) that was placed in suborder Cephaloziineae.
The inclusion of Lophoziaceae into Scapaniaceae (Heinrichs et al., 2005) was questionable due to only Lophozia (Dumort.) Dumort. s. str., Tritomaria Loeske, Saccobasis H. Buch and Schistochilopsis (Kitag.) Konstant. were clustered with Scapaniaceae, whereas other genera composed a robust clade (Vilnet et al., 2009a) that was described as a separate family Anastrophyllaceae L. Söderstr., De Roo & Hedd. .
It was shown that chloroplast trnL-F sequence data on Lophozia, Anastrophyllum (Spruce) Steph. and Jungermannia L. support the narrow generic concept (Yatsentyuk et al., 2004) . Nevertheless, some genera, for example, Lophozia s.str., Schistochilopsis, Tritomaria, etc. even in narrow sense (Buch, 1933; Schljakov, 1980) appear to be polyphyletic (De Roo et al., 2007; Vilnet et al., 2009a) .
In this paper we discuss taxonomic rearrangements within the largest boreal hepatic families basing on analysis of nuclear ITS1-2 and chloroplastic trnL-F sequences. The present set of taxa is expanded comparatively with the previous analysis being enlarged by a number of taxa and samples that include recently described and rare arctic species.
MATERIAL AND METHODS Taxa The ITS1-2 nrDNA and trnL-F cpDNA sequences of 134 taxa (189 samples) of jungermaniioid liverworts were analyzed (Table 1) . Many species were represented by two specimens collected mainly in geographically distant regions.
DNA isolation, amplification and sequencing DNA was extracted from dried liverwort tissues using the NucleoSpin Plant Kit (MachereyNagel, Germany). The trnL-F region of the chloroplast genome, including the part of the 5'-terminal exon, intron, the 3'-terminal exon of the trnL gene, the trnL-F intergenic spacer and part of the trnF gene, was amplified and sequenced using primers suggested by Taberlet et al. (1991) . The ITS1-2 region of the nuclear genome containing part of the 26S rDNA gene, ITS1, 5,8S rDNA gene, ITS2 and part of the 18S rDNA gene was amplified and sequenced using pairs of external and internal primers (White et al., 1990) .
PCR were carried out in 20 mkl volumes according to the following procedure: 3 min at 94°C, 30 cycles (30s 94°C, 40s 58°C, 60s 72°C) and 2 min of extension time at 72°C. Amplified fragments were visualized on 1% agarose TAE gels by EthBr staining, purified using the GFX TM PCR DNA and Gel Band Purification Kit (Amersham Biosciences, U.S.A.), and then used as a template in sequencing reactions with the ABI Prism BigDye Terminator Cycle Sequencing Ready Reaction Kit (Applied Biosystems, USA) following the standard protocol provided for 3100 Avant Genetic Analyzer (Applied Biosystems, USA). GenBank accession numbers are in Table 1 .
Phylogenetic analyses Phylogenetic reconstructions are based on the combined ITS1-2 and trnL-F data. Combined sequences for Lophoziopsis (Lophozia) polaris, Lophozia silvicola, L. silvicoloides (Spitsbergen), Obtusifolium obtusum, Douinia ovata are derived from two specimens of each (cf. Table 1 ). Nucleotide data for both samples of Schistochilopsis incisa include the trnL-F sequences only. The ITS1-2 of Heterogemma (Schistochilopsis) laxa and Scapania tundrae are presented by two partitions ITS1 and 5.8SrDNA-ITS2, sequenced from one sample. The sequences were aligned manually using the BioEdit program (Hall, 1999) . All positions of alignment were included in the phylogenetic analyses.
Two analytical procedures were implemented for the analyses: a maximum parsimony method (MP) with the TNT program (Goloboff et al., 2003) and Bayesian method with the MrBayes v 3.1.2. (Ronquist & Huelsenbeck, 2003) . In both cases Herbertus dicranus was used as an outgroup. The parsimony analysis with TNT involved a New Technology Search with search minimal length tree by five reiterations and 1000 bootstrap resamplings, for other parameters the default setting was used. Gaps were treated as missing data, indels were taken into account by a modified complex coding algorithm in SeqState (Müller, 2005) .
For Bayesian (BA) analysis initially a best-fit evolutionary model of nucleotide substitutions was determined using the Modelgenerator software (Keane et al., 2004) . The general time-reversible model with invariable sites and a gammadistributed rate heterogeneity parameter (GTR+G+I) was selected. Sequence alignment was divided into six partitions: 5.8S plus trnF, ITS1, ITS2, trnL 5'-terminal exon plus trnL 3'-terminal exon, trnL intron and trnL-F spacer. Each of these partitions was separately assigned the GTR+G+I model, gamma distributions were approximated using four categories. Two independent runs of the Metropolis-coupled MCMC were used to sample parameter values in proportion to their posterior probability. Each run includes three heated chains and one unheated, and two starting trees were chosen randomly. The number of generations was 10,000,000, and trees were saved once every 100 generations. The first 25000 trees were discarded in each run, and 15000 trees from both runs were sampled after burning. Bayesian posterior probabilities were calculated as branch support values. The genetic p-distances referred anywhere in a text below calculated by MEGA 3.1 (Kumar et al., 2004) (see supplement at the electronic version on www.arctoa.ru). RESULTS ITS1-2 sequences for 147 samples and trnL-F sequences for 129 samples were determined in this study. Additionally, 41 sequences of ITS1-2 and 61 sequences of trnL-F were taken from previous studies (Yatsentyuk et al., 2004; Vilnet at al., 2007a; Vilnet at al., 2008) . The ITS1-2 alignment consists of 1365 positions. Among them, 787 (57.7%) are variable and 644 (47.2%) are parsimony informative. The trnL-F alignment consists of 660 sites, the 335 (50.8%) positions are variable and 260 (39.4%) are parsimony informative. The entire alignment of 189 sequences consists of 2025 sites that were included in the analyses. There are 1122 (55.4%) characters that are variable, and 904 (44.1%) are parsimony informative. In the MP analysis the alignment contained 78 additional indel coded positions.
The MP analysis with TNT yielded from 11 to 20 equally parsimonious trees at different runs with a length of 6076 steps, the tree resulted after 1000 bootstrap resamplings with indicated bootstrap support values (BS) is shown in Fig. 1 .
In the BA analysis, trees were sampled after reaching stationarity; average standard deviation of split frequencies between two runs was 0.008618. Arithmetic means of Log likelihoods for runs sampled were -30551.73 and -30534.00. 95% and 99% credible sets contain 64794 and 70794 trees, respectively. The BA tree with means of posterior probabilities (PP) is presented in Fig. 2 .
The topologies of MP and BA trees are in a good agreement. The discrepancies are caused by unresolving of some groupings in MP tree (see below) and by low supports in MP tree positions of some species inside highly supported clades. Taxa with different position in MP and BA trees are marked by asterisk in Figs. 1-2. Three main clades A, B and C are found in both analyses (Figs. 1-2). Clade A (BS=31, PP=1.00) is subdivided into subclades A1 and A2 in BA tree ( Fig. 2) , while A1 is partly presented as an unresolved polytomy in MP tree ( Fig.1 ). Family Scapaniaceae in its traditional circumscription is resolved as a monophyletic group, A1, with PP=0.97 in the BA analysis ( Fig. 2) , whereas in MP tree the genus Diplophyllum (Dumort.) Dumort. is segregated in unsupported clade with Schistochilopsis section Incisae (C.E.O. Jensen) Potemkin ( Fig. 1) . The latter taxon composes a small clade sister to the rest of A1 subclade in BA tree (Fig. 2) . The genus Saccobasis and Pseudotritomaria (Tritomaria) heterophylla, traditionally assigned to the family Lophoziaceae, either form separate branches within unresolved polytomy in A-clade in the MP tree ( Fig.1 ), or compose a low supported clade (PP=0.56) in the BA tree (Fig. 2) . The genera Lophozia, Lophoziopsis, Tritomaria and Heterogemma compose the second subclade, A2 (BS=34, PP=0.88).
Other taxa refered usually to Lophoziaceae (excluding Leiocolea (Müll. Frib.) H. Buch) compose clade B (PP=0.96) with two subclades. The first subclade, B1 (PP=1.0) contains Barbilophozia Loeske, Pseudolophozia (Protolophozia) debiliformis and P. (Lophozia) sudetica, and the second subclade, B2 (PP=0.89) includes Anastrophyllum s.l., Gymnocolea Dumort., Anastrepta (Lindb.) Schiffn.,
Three genera of Gymnomitriaceae studied here compose a robust subclade in the clade C (BS=93, PP=1.0) sister to taxa traditionally placed to Jungermanniaceae s.str. The genera Gymnomitrion Corda and Marsupella Dumort. are resolved as not monophyletic, but composing of two intermingled subclades. The family Jugermanniaceae s.str. is found to be polyphyletic: Nardia is a sister to the Gymnomitriaceae (BS=67, PP=0.99), while Solenostoma and Plectocolea form a clade (BS=46, PP=1.00). The close relationship of Mesoptychia (Lindb.) A. Evans., Eremonotus Lindb. & Kaal. ex Pearson, Liochlaena Nees and Leiocolea to Jungermannia s. str. is evident in both obtained topologies (BS=74, PP=1.00). The genus Mylia Gray has a basal position in both trees.
Protolophozia elongata and Obtusifolium obtusum are located as two separate lineages at the base of clade A in the BA tree (with PP=1 and PP=0.74 consequently) or form a weekly supported clade (BS=35) in unresolved relation to clade A and B in the MP tree. DISCUSSION The obtained results allow to modify the latest classification of the Jungermanniales (CrandallStotler et al., 2009) , by including in the analysis many additional northern taxa and samples. There are two main clades within Scapaniaceae (including Lophoziaceae) that allow us to recognize two families, Scapaniaceae and recently discribed Anastrophyllaceae opposite to Scapaniaceae sensu Heinrichs et al. (2005) . The family Solenostomataceae with inclusion of Nardia (Crandall-Stotler et al., 2009) is not supported by topologies obtained here. In our analysis, the genera Lophozia s.str., Schistochilopsis, Tritomaria, Protolophozia, Orthocaulis, Gymnomitrion, Marsupella, and Crossogyna are found to be polyphyletic, which resulted in a segregation some new genera (Konstantinova & Vilnet, 2009) . We understand that the taxa sampling for some genera is still insufficient, especially for those occurred mainly in South Hemisphere, so only a more reliable results are discussed below.
Clade A Clade A embraces species of traditionally circumscribed Scapaniaceae and several genera of Lophoziaceae, particularly Tritomaria, Pseudotritomaria, Saccobasis, Schistochilopsis, Heterogemma, Lophozia and Lophoziopsis (PP=1). It is divided into subclades A1 (PP=0.97, Fig. 2 ) and A2 (PP=0.88). In MP tree subclade A1 is represented by four separate linages (Fig. 1) . Similar taxa relation was found earlier by De Roo et al. (2007) and mainly agree with a new circumscription of the family Scapaniaceae suggested by Söderström et al. (2010) .
The two genera in their former broader circumspriptions, Tritomatia and Schistochilopsis, are distributed among both subclades A1 and A2, which suggest to split them. So now Pseudotrotomaria (Tritomaria) heterophylla specimens form a branch in A1, while all other Tritomaria species form a clade (with nested Heterogemma (Schistochilopsis) capitata and H. laxa, see below) in subclade A2. The genus Saccobasis that had been treated as subgenus of Tritomaria by many authors (Schuster, 1969; Grolle & Long, 2000; Damsholt, 2002; Schumacker & Váňa, 2005; etc. ) is located in a separate branch in A1 in MP (Fig. 1) or combined in a clade (PP=0.56) with Pseudotrotomaria (Tritomaria) heterophylla in BA (Fig.  2) . Close affinity of the latter taxon to Saccobasis was suggested by Schuster (1969: p.695 ), however they have a number of important differences in mophology: Pseudotritomaria (Tritomaria) heterophylla differs from Saccobasis (1) by simply transversly inserted leaves versus leaves attached by a complex and sinuous line slightly decurrent both antically and postically in Saccobasis; (2) constant presence of red-brown or purplish stellate gemmae versus absent or rare ellipsoidal gemmae in Saccobasis; (3) short dentate perianth mouth versus entire one in Saccobasis. Also Pseudotritomaria differs from both Saccobasis and Tritomaria in spinose-dentate to ciliate-dentate margins of lobes of female bracts (edentate in Saccobasis and Tritomaria) and often apiculate or cuspidate lobes of leaves versus obtuse in Saccobasis and obtuse to subacute or acute in Tritomaria. Taking into account the position in phylogenetic trees, relatively high values of genetic distances (see supplement at the electronic version on www.arctoa.ru) between Saccobasis and other Tritomaria species counted by studied DNA loci and quite distinct morphological features some of which were men-tioned above we have proposed to segregate T. heterophylla in a monotypic genus Pseudotritomaria Konstant. & Vilnet (Konstantinova & Vilnet, 2009) .
The section Incisae of the genus Schistochilopsis is located in A1 subclade, while S. capitata and S. laxa from the section Heterogemma are nested within Tritomaria in A2 subclade (Figs. 1-2) . The morphological differences between both Schistochilopsis sections were discussed in Vilnet et al. (2008) , and later Heterogemma (Joerg.) Konstant. & Vilnet was rised to generic rank (Konstantinova & Vilnet, 2009 ). According to our unpublished data, the trnL-F sequences of S. cornuta (Steph.) Konstant., the type species of the genus Schistochilopsis, is highly similar to species of the section Incisae, so the latter should be kept in this genus.
Subclade A1 Majority of taxa in subclade A1 belongs to the former Scapaniaceae. The ITS1-2 and trnL-F sequences from 30 species of Scapania (Dumort.) Dumort. reveal that their distribution in the clades corresponds partially to the subdivision of the genus based on morphological data, but, as a whole, phylogenetic relation within Scapania stays unclear due to the dubious position of some clades on the trees ( Fig. 1-2) .
Scapania undulata, S. paludosa, S. subalpina, S. rufidula compose a robust clade (BS=100, PP=1.00) that agrees with the section Undulatae sensu H. Buch (1928) . Thus, the separation of S. rufidula in section Rufidula together with S. spitsbergensis by Schuster (1974) is not supported.
Scapania calcicola and S. gymnostomophila form a clade (BS=100, PP=1.00) that corresponds to section Calcicolae Müll. Frib. ex R.M. Schust. as it was circumscribed by Potemkin (2002) .
All species from the commonly recognized section Irrigua (Müll. Frib.) H. Buch (S. hyperborea, S. paludicola, S. tundrae) (Arnell, 1956; Schuster, 1974; Grolle & Long, 2000; Schljakov, 1981) , except the type species, S. irrigua, were found in one clade (BS=100, PP=1.00). Scapania irrigua was combined with species from section Curtae sensu Potemkin (2002) i.e. S. curta, S. obcordata, S. helvetica, S. mucronata, although without a high support (BS=88, PP=0.85). This arrangement never had been assumed before. Differences between nucleotide sequences of S. irrigua and S. helvetica include a single substitution in ITS1 and one indel of one nucleotide that corresponds to a level of infraspecific variability in both species. The affinity of S. uliginosa to S. mucronata revealed in our analysis (BS=98, PP=1.00) is unexpected because their morphology as well as ecology are quite distinct. It is worth to note however, that genetic distance between these species is rather high.
Scapania kaurinii, S. sphaerifera and S. verrucosa were classified variously by different authors and even were segregated in monotypic sections by Potemkin (2002) . In our analysis they compose a clade with S. americana and S. spitsbergensis with high support (BS=97, PP=1.00).
Scapania apiculata and S. glaucocephala, classified as a subgenus by Schuster (1974) or genus Scapaniella by Buch (1928) , were found in different subclades, so they are likely not closely related and should not be considered as congeneric (cf. Crandall-Stotler et al., 2009) .
Three morphologically similar pairs of species, Scapania hyperborea and S. tundrae, S. paludosa and S. uliginosa, S. crassiretis and S. nemorea, sometimes treated as conspecific (e.g. Potemkin, 1994; 1999a) are clearly separated genetically (Vilnet et al., 2006) . Nucleotide sequence data confirm these taxa as distinct species, as was suggested by Buch (1928) .
Previous molecular analyses did not clarify the relationships of Diplophyllum, Macrodiplophyllum (H. Buch.) Perss. and Douinia H. Buch (Schill et al., 2004; Yatsentyuk et al., 2004; De Roo et al., 2007) . Our results indicate more definitely that the recently described Diplophyllaceae Potemkin (Potemkin, 1999b ) is a paraphyletic assemblage. The genus Diplophyllum comprises its own clade with a highest possible support, whereas Douinia is combined with Macrodiplophyllum imbricatum and M. plicatum, also with a high support (BS=99; PP=1.00), while M. microdontium is placed at the base of the Scapania-clade (Figs. 1-2) . Thus, it is reasonable to treat M. microdontium in Scapania as proposed by Potemkin (1999b) . However, contrary to the latter publication, M. imbricatum and M. plica-tum are better be placed within Douinia, not Scapania, unless both species and Douinia are included in Scapania.
Subclade A2 The genera Lophozia, Lophoziopsis, Tritomaria and Heterogemma are forming this subclade. In our previous study (Vilnet at al., 2008) , Lophozia s. str. (excluding L. sudetica), was resolved as a monophyletic group with a relatively high support (90% and more). Analysis of enlarged species set shows that the Tritomaria+ Heterogemma-clade split Lophozia s.str. into two clades that have the highest possible posterior probability in BA. Based on tree topologies, we segregated the species of Lophozia s.str. with red, purplish and red-brown gemmae to a new genus Lophoziopsis Konstant. & Vilnet (Konstantinova & Vilnet, 2009) .
Clade B This clade is formed by genera that were segregated from Lophoziaceae into Anastrophyllaceae by Söderström et al. (2010) that was called as «a new undescribed family». in the Checklist of liverworts of Russia (Konstantinova, Bakalin et al., 2009) .
Subclade B1 This subclade composed only by two genera: Barbilophozia and recently described Pseudolophozia Konstant. & Vilnet (Kostantinova & Vinet, 2009 ). All four studied species of Barbilophozia compose a clade although without high support (PP=0.77). Recently described B. rubescens (Schuster & Damsholt, 1987) appears to be a hybrid between B. barbata and B. hatcheri due to inheritance of the ITS1-2 from the first species and the trnL-F from the second species (Vilnet et al., 2009b) . Barbilophozia hatcheri and B. lycopodioides, the species that have been considered as closely related or even conspecific (Schljakov, 1980) , are clearly separated in both MP and BA analyses.
Psedolophozia (Protolophozia) debiliformis and P. (Lophozia) sudetica form a clade (BS=100; PP=1.00) sister to Barbilophozia clade. Söder-ström et al. (2010) suggested to segregate them as Barbilophozia subgen. Sudeticae (Schljakov) L. Söderstr., De Roo et Hedd. However p-distances between P. debiliformis + P. sudetica and the genus Barbilophozia is 1.8-4.2%, whereas they are only 1.2% between Barbilophozia species. Morphological differences and the level of genetic distances in comparison with other taxa from clade B, convinced us to describe a new genus Pseudolophozia Konstant. & Vilnet (Kostantinova & Vinet, 2009 ). The sequence variation within Pseudolophozia is ca. 1%, that is two times higher than in Barbilophozia spp., so we hesitate to combine Pseudolophozia (Lophozia) sudetica and P. debiliformis in one species as it was proposed by Söderström et al. (2010) .
Subclade B2 Majority of genera assigned earlier to the Lophoziaceae is located here. The genus Orthocaulis in its traditional circumscription includes ca. 10 species (Schaljakov, 1981) , but as it is evident from the obtained trees, this genus is polyphyletic. The studied species previously referred to the genus occur in three clades, accepted as genera: Orthocaulis (O. floerkei+O. attenuatus+O. binsteadii), Schljakovianthus (S. quadrilobus) and Schljakovia (S. kunzeana) (Figs. 1-2 ). This correspondes with the quite distinct habitus of taxa. Schljakovianthus quadrilobus differs from Schljakovia and Orthocaulis s. str. in very deeply divided 4-lobed leaves with distinctly reflexed margins and sinus vs. less deeply divided 2-lobed, slightly reflexed margins in Schljakovia kunzeana and 3-lobed no reflexed margins in O. floerkei+O. attenuatus+O. binsteadii. Furthermore Schljakovianthus quadrilobus develops brownish or blackish brown pigmentation and has coarsely verrucose cuticle while the rest of studied taxa have yellow-brown to chestnut brown secondary pigmentation and faintly delicately (O. floerkei+O. attenuatus) to slightly striate-verruculose cuticle (Schljakovia kunzeana, O. binsteadii). The means of p-distances between these clades (1.2-3%) (see supplement) together with quite distinctive morphology encourage us to separate the monospecific genera Schljakovianthus and Schljakovia from Orthocaulis (cf. Konstantinova & Vilnet, 2009) The topology of trees obtained in the present analysis supports the narrow generic concept for the genus Anastrophyllum s.l. with segregation of three genera: Anastrophyllum s.str., Sphenolobus (Lindb.) Berggr. and Crossocalyx Meyl. that was previously suggested on cpDNA loci data by Yatsentyuk et al. (2004) and De Roo et al. (2007) .
Plicanthus birmensis was found within Tetralophozia (R.M. Schust.) Schljakov, although differences between nucleotide sequences of these taxa are relatively high (1.8%) and correspond with differences between genera in clade B. Due to insufficient species sampling the taxonomical status of Plicanthus is not discussed here.
Jamesoniella, a genus with predominantly South Hemispheran distribution, has been placed, in a distinct subfamily of Jungermanniaceae by Schuster (1970) and Schljakov (1980) or in a subfamily of Lophoziaceae by Grolle & Long (2000) . Two Northern Hemisphere species, Jamesoniella undulifolia and J. autumnalis, were placed in the subgenus Crossogyna by Schuster (1969) and later in the genus Crossogyna by Schljakov (1981) . Molecular phylogenetic studies suggested to place Jamesoniella in a separate family Jamesoniellaceae (He-Nygren et al., 2006) or in the family Adelanthaceae (Feldberg et al., 2010) . The genus Jamesoniella was shown to be polyphyletic with one of the two mostly North Hemisphaeran species J. autumnalis separated in its own lineage (De Roo et al., 2007; Hentschel et al., 2007) or clustered with morphologically similar J. nipponica (Feldberg et al., 2010) . Recently based on molecular data the most species of Jamesoniella were transferred to the genus Syzigiella Spruce (Feldberg et al., 2010) . We have studied two predominantly Holarctic species of genus/subgenus Crossogyna including worldwide rare and morphologically isolated C. undulifolia that was never analyzed molecularly before. In obtained trees C. undulifolia forms a separate lineage within clade B, whereas C. autumnalis is found in basal grade as a separate lineage or together with Iwatsukia Kitag. (Figs. 1-2) . Based on these data as well as on morphological peculiarities of C. undulifolia that were discussed by Schuster (1969) and Schljakov (1981) , this species is segregated in monotypic genus, Biantheridion (Grolle) Konstantinova & Vilnet (Konstantinova & Vilnet, 2009) .
The systematic position of oligotypic genus Isopaches H. Buch is questionable. Both MP and BA analyses put it at a base of (A+B) clade (BS=100, PP=1.00) (Figs. 1-2) . De Roo et al. (2007) found it within "Anastrophyllaceae"-clade only in BA tree, whereas in MP tree it is located in "Scapaniaceae"-clade. Söderström et al. (2010) placed Isopaches in Anastrophyllaceae. Additional study is needed to resolve the problem with this genus.
The treatment of Obtusifolium obtusum and Protolophozia elongata as a members of Scapaniaceae is not confirmed due to unstable position of these taxa in obtained trees.
Clade C Clade C is composed by members of the families Gymnomitriaceae, Jungermanniaceae s.str. and recently described Solenostomataceae (Crandall-Stotler et al., 2009 ). The terminal position in this clade is occupied by the family Gymnomitriaceae. Earlier, with more limited taxa sampling, this family was recognized as monophyletic (Yatsentyuk et al., 2004; Schill et al., 2004) . However, the genus Eremonotus classified for a long time in the Gymnomitriaceae (Schuster, 1984; Grolle, 1983; etc.) , was found here within the clade formed by Jungermannia s. str., Mesoptychia, Leiocolea and Liochlaena (Figs. 1-2) , which generally agrees with the results of Henstchel et al. (2007) and with the placement of Eremonotus in Jungermanniaceae by CrandallStotler et al. (2009) .
The genera Gymnomitrion and Marsupella are found to be polyphyletic, with the species intermingled and distributed into two main clades (Figs. 1-2 ) that have some morphological definition. The main Marsupella clade is formed by species with well-developed perianth and perigynium, including Marsupella apiculata (previously treated as Gymnomitrion apiculatum) that has perianth and perigynium similar to that in most Marsupella species. Contrary to that, three spe-cies with more or less reduced perianth and perigynium, Gymnomitrion alpinum, G. brevissimum and G. commutatum, which usually are placed in Marsupella, are located in the Gymnomitrion clade. Based on these results the rearrangement of Gymnomitriaceae species was made in Checklist of liverworts of Russia (Konstantinova, Bakalin et al., 2009 ) and later accepted in the study of Gymnomitriaceae by Váňa et al. (2010) .
Three morphologically allied species, Marsupella arctica, M. aquatica and M. emarginata, are combined in a clade. Marsupella aquatica has been classified as a variety of M. emarginata by some authors (e.g. Schuster, 1974; Grolle & Long, 2000) . The trnL-intron of M. emarginata is characterized by unique 43 base pairs deletion compared to both M. aquatica and M. arctica (Vilnet et al., 2007b) . The value of p-distances between M. arctica and M. emarginata is higher than between M. aquatica and M. emarginata (2.4 and 1.2% correspondingly). Nevertheless, it would be more reasonable to recognize these taxa at one rank taking into account morphological features listed by Schuster (1972) , Schljakov (1981) etc., and to accept Marsupella aquatica as a distinct species.
The monotypic genus Prasanthus Lindb. is characterized by presence of fleshy perigynium and lacking of perianth. It forms a basal lineage in a clade composed by Gymnomitriaceae species with developed perianth and perigynium in both trees (Figs. 1-2) .
The studied species of Nardia compose a clade sister to Gymnomitriaceae with 0.99 support in BA tree (Fig. 2) and a low support (BS=67%) in MP tree (Fig. 1) . Crandall-Stotler et al. (2009) placed Nardia in the recently described family Solenostomataceae. However our data show that the inclusion of Nardia makes Solenostomataceae paraphyletic and suggest either to place Nardia in Gymnomitriaceae or segregate it to its own family.
In the trees obtained here and those of Hentschel et al. (2007) , Solenostoma and Plectocolea compose an intermingled clade. Majority of authors included Plectocolea in Solenostoma following modern molecular data (Crandall-Stotler et al., 2009; Váňa & Long, 2009 ). However, species sampling seems to be not enough for the final decision on taxonomic position of Solenostoma and Plectocolea.
Genera Jungermannia s.str., Eremonotus, Mesoptychia, Leiocolea and Liochalena form a subclade within clade C. In general it corresponds to Jungermanniaceae sensu Hentschel et al. (2007) , although differs from the family circumscription of Crandall-Stotler et al. (2009) that placed Liochalena and Delavayella in a separate oligotypic family Delavayellaceae. CONCLUSIONS Our molecular data support segregation of the family Anastrophyllaceae, but the position of the genus Isopaches remains uncertain, as well as the position of Obtusifolium and Protolophozia elongata in the family Scapaniaceae.
The position of the genus Nardia within Solenostomataceae is not supported; this genus is better be placed in Gymnomitriaceae or to its own family.
The genera Lophozia s.str., Schistochilopsis, Tritomaria, Protolophozia, Orthocaulis and Crossogyna in their traditional circumscription are found to be polyphyletic. The segregation of genera Pseudotritomaria, Heterogemma, Lophoziopsis, Pseudolophozia, Schljakovianthus, Schljakovia and Biantheridion are suggested by molecular data.
Species of Marsupella with more or less reduced perianth and perigynium should be referred to Gymnomitrion, whereas G. apiculatum that has distinct perianth and perigynium is transferred to Marsupella.
The subdivision of the genus Scapania based on morphological data is partially supported.
The segregation of Scapaniella as a genus is not supported. Macrodiplophyllum imbricatum and M. plicatum could be placed in the genus Douinia, unless all of these taxa be included in Scapania.
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